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ARTICLE
European Starling (Sturnus vulgaris) reproduction undeterred by
predator scent inside nest boxes
Bradley F. Blackwell, Thomas W. Seamans, Morgan B. Pfeiffer, and Bruce N. Buckingham
Abstract: Indirect predator cues near nests have been shown to enhance perceived predation risk and associated antipredator
behaviours in breeding animals across taxa and particularly with birds. We hypothesized that scent from the raccoon (Procyon
lotor (Linnaeus, 1758)) inside nest boxes would, despite being an evolutionarily unique predator, enhance perceived risk to the
European Starling (Sturnus vulgaris (Linnaeus, 1758)), thus reducing use of treated sites and reproduction. During early spring,
starlings selected from nest boxes treated with equal volumes of predator scent, a novel odour, or water (n = 40 boxes per
treatment). We evaluated effects of treatment on reproductive traits via generalized linear models. Starlings established nest
bowls in 61% of nest boxes (predator scent, n = 27 boxes; novel odour, n = 24 boxes; control (water), n = 22 boxes); clutches were
laid in 68 boxes. We observed no effects of treatment on the likelihood of a clutch (≥1 egg) or nest failure. Further, we found no
treatment effects on date of first egg, clutch size, or hatchling number. We conclude that starling antipredator response to
enhanced, indirect risk of nest predation is contingent upon a combination of predator cues, as well as direct or indirect
experience with nest predation.
Key words: antipredator behaviour, European Starling, nest box, nest predation, odour, predator scent, Sturnus vulgaris.
Résumé : Il a été démontré que les signaux indirects de prédateurs près des nids accroissent le risque de prédation perçu et les
comportements antiprédateurs associés chez les animaux reproducteurs de nombreux taxons, particulièrement chez les oi-
seaux. Nous avons postulé qu’une senteur de raton laveur (Procyon lotor (Linnaeus, 1758)) à l’intérieur de nichoirs, même s’il s’agit
d’un prédateur singulier sur le plan de l’évolution, rehausserait le risque perçu par des étourneaux sansonnets (Sturnus vulgaris
(Linnaeus, 1758)), réduisant ainsi leur utilisation des sites traités et leur reproduction. Au début du printemps, des étourneaux
ont fait leur choix parmi des nichoirs traités avec des volumes égaux de senteur de prédateur, d’une odeur nouvelle ou d’eau
(n = 40 nichoirs pour chaque traitement). Nous avons évalué les effets du traitement sur des caractères associés à la reproduction
en utilisant des modèles linéaires généralisés. Des étourneaux ont établi des nids dans 61 % des nichoirs (senteur de prédateur,
n = 27; nouvelle odeur, n = 24; témoin (eau), n = 22); des œufs ont été pondus dans 68 nichoirs. Aucun effet du traitement sur la
probabilité de ponte (≥1 œuf) ou d’échec du nid n’a été observé. Nous n’avons en outre observé aucun effet des traitements sur
la date de ponte du premier œuf, la taille de la ponte ou le nombre d’oisillons éclos. Nous concluons que la réaction antiprédateur
des étourneaux à un risque de prédation indirect accru du nid dépend d’une combinaison de signaux de prédateur, ainsi que de
l’expérience directe et indirecte de prédation de nids. [Traduit par la Rédaction]
Mots-clés : comportement antiprédateur, étourneau sansonnet, nichoir, prédation de nids, odeur, senteur de prédateur, Sturnus
vulgaris.
Introduction
Predation pressure challenges prey to effectively adapt to the
perceived or realized level of predation risk by assessing costs
and benefits of subsequent behaviours (Lima and Dill 1990;
Magnhagen 1991; Lima 1998; Lima and Bednekoff 1999). Risk of
nest predation can stimulate antipredator responses (Caro 2005) by
breeding adults in the form of site selection, onset of nesting, group
living, and effects on propagules (e.g., in insects, Strassmann et al. 1988;
Paul et al. 2015; in amphibians, Magnusson and Hero 1991; in fish,
Petranka and Fakhoury 1991; Knapp 1993; Lehtonen et al. 2013;
and in reptiles, Refsnider et al. 2015; see also Sih et al. 1985). In
birds, nest predation has long been recognized as a significant
selective force because of its effects on reproduction, influencing
nest types and concealment, mating behaviours, and reproduc-
tive behaviour and physiology (e.g., Ricklefs 1969, 1977; Slagsvold
1982; Lima 1987, 2009; Martin 1988, 1993, 1995; Martin and Briskie
2009; contrast Bradley and Marzluff 2003).
Antipredator behavioural responses to predation risk during
nesting, as well as in other contexts, will generally involve multi-
ple sensory cues beyond the temporality of actual predation
events (Kats and Dill 1998; Lima 1998; Lima and Bednekoff 1999).
Predator scent, for example, can negatively affect prey activity
level, suppress nondefensive behaviours such as foraging, feed-
ing, and grooming, and stimulate shifts to habitats perceived to
be less risky (Kats and Dill 1998; Apfelbach et al. 2005; Roth et al.
2008; Lloyd et al. 2009; Parsons and Blumstein 2010; Hegab et al.
2015). In some cases, prey can benefit from “selective eavesdrop-
ping” on predators, investigating scent sources so as to avoid costs
of unnecessary flight (Garvey et al. 2016; see also Ramp et al. 2005).
Interestingly, early work noted a lack of empirical data on the role
of chemosensory stimuli in predation risk assessment by birds
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(Kats and Dill 1998; see, however, Mason et al. 1991; Roper 1999).
Kats and Dill (1998), however, recognized that odour cues would
seem an important component of avian risk assessment, for ex-
ample, in selection of nest sites. Recent research in this area has
yielded a wealth of information on bird response to predator
scent, particularly focused on nest predation.
For instance, Godard et al. (2007) suspected that chemosensory
capacity in cavity-nesting birds might be particularly acute so as
to detect predators (e.g., snakes and small mammals) that have
selected cavities as refuges, thus posing immediate risk to breed-
ing adults. The authors exposed Eastern Bluebirds (Sialia sialis
(Linnaeus, 1758)) via nest boxes to scent from two common nest
predators, the Black Rat Snake (Elaphe obsoleta (Say in James, 1823))
and the deer mouse (Peromyscus maniculatus (Wagner, 1845)), along
with a neutral cue (via absorbent paper). Bluebirds showed no
antipredator response to cues and were as likely to lay eggs in
boxes with predator scent as those with the neutral scent. Godard
et al. (2007) suspected that bluebirds were able to discern the
predator scents, but that a learning component was possibly in-
volved (see also Johnson et al. 2011). Indeed, behavioural plasticity
in response to predation risk is dependent to some degree on
prior experience with predators (Barnett 1982; Curio 1988; Griffin
et al. 2001; Brown et al. 2013; Chivers et al. 2014). Moreover, pre-
dation pressure and subsequent learning might instill greater sen-
sitivity to odours inside nest boxes (Godard et al. 2007; Johnson
et al. 2011). However, Amo et al. (2011) showed that recognition of
predator scent is innate in the cavity-nesting and -roosting Great
Tit (Parus major Linnaeus, 1758).
Mönkkönen et al. (2009) also used a nest-box approach in exam-
ining effects of perceived predation risk on nest site selection and
reproductive investment by the European Pied Flycatcher (Ficedula
hypoleuca (Pallas, 1764)). The authors used predator scent (mustelid
urine), vinegar, or water inside triplets of boxes. In addition, a tuft
of least weasel (Mustela nivalis Linnaeus, 1766) hair was attached
under the nest box entrance for predator-scent treatments, an
effect intended to enhance the perceived risk, but one that also
confounded effects of the predator scent. This caveat aside, the
authors found significant avoidance of predator-treated boxes,
and those birds nesting in these “higher risk” sites nested four
days earlier and laid 10% larger clutches than birds nesting in
boxes with novel odour or water. Further, in application to open-
nesting species, Forsman et al. (2013) treated the ground in a farm-
land bird community at different saturations with either a
predator spray solution (from mustelid urine and feces) versus
water and mud (control). Migrant passerine birds (17 species)
avoided settling in potential breeding habitat patches treated
with the predator solution. Also, Eichholz et al. (2012) reported
that dabbling ducks (Anatidae) can assess nest predation risk (in
the form of predator density) based on artificial scent marks made
with urine from a red fox (Vulpes vulpes (Linnaeus, 1758)) and rela-
tive to water controls.
Antipredator response by nesting birds to indirect predator
cues can vary relative to reproductive investment. For example,
Amo et al. (2008) showed that Blue Tits (Cyanistes caeruleus (Linnaeus,
1758)), using nest boxes and caring for eight-day-old hatchlings,
exhibited antipredator behaviour when exposed to mustelid
scent inside the box (via absorbent paper), including delayed entry
into the nest box, refusal to enter the box, and decreased time
spent inside the box. Adults exposed to water or Japanese Quail
(Coturnix japonica Temminck and Schlegel, 1849) scent exhibited
fewer of these responses. Also, Amo et al. (2017) investigated
breeding Blue Tit response to mammalian predator (mustelid)
scent and visual cues (taxidermy mounts) versus the nonpreda-
tory, European rabbit (Oryctolagus cuniculus (Linnaeus, 1758)) scent
and taxidermy mount or artificial model, with water as the chem-
ical control. In this experiment, treatments and control were
placed on the ground, 4 m below nest boxes. Birds attending
eight-day-old nestlings minimized time inside boxes associated
with predator cues, decreased nonessential activities with nest-
lings (e.g., fecal sac removal), but maintained provisioning levels.
There was no difference in behaviours between predator scent
and visual predator treatments (see also Ekner and Tryjanowski
(2008) on effects of visual predator cues on cavity use by roosting
birds).
The variety of behavioural and life-history implications on nest-
ing birds of indirect predator sign, particularly scent, leave open
the question of whether exploitation of this sensory pathway
might prove beneficial in targeted applications against species
whose nest site selection can pose problems for human health and
safety or in scenarios of competition with indigenous species. For
example, the European Starling (Sturnus vulgaris (Linnaeus, 1758);
hereafter “starling”) has been considered a competitive threat to
indigenous cavity-nesting birds in the United States (Kalmbach
and Gabrielson 1921; Brush 1983; Kerpez and Smith 1990; Cabe
1993; Koenig 2003), as well as a pest species and hazard to aviation
safety (Bridgman 1962; Feare 1984; Ingold 1994; Jackson 2000;
Dolbeer et al. 2016). Efforts to deter starlings from nesting have,
for the most part, proven ineffective (Seamans et al. (2015) and
citations therein; but see Tyson et al. 2011).
Our primary purpose for this study was to investigate recent
findings with regard to response of nesting birds, including cavity-
nesting species, to the presence of mammalian predator scent
near or in potential nest sites (e.g., Amo et al. 2008, 2011;
Mönkkönen et al. 2009; Forsman et al. 2013; Stanbury and Briskie
2015). We were also interested as to whether our findings might
provide an avenue for development of a scent-based product to
deter nesting by starlings. We note that starlings have a relatively
high level of olfactory acuity that peaks during the breeding sea-
son, possibly related to the selection of green nesting materials
that might serve an antimicrobial–parasite function (Clark and
Mason 1987; Clark and Smeraski 1990; De Groof et al. 2010) but
more so to the mate selection process (Fauth et al. 1991; Brouwer
and Komdeur 2004). Starlings in Europe are exposed to a variety of
mammalian nest predators (Feare 1984), and they have been
shown to respond to carnivore scent in the foraging context
(Mason et al. 1991). Further, starlings have shown a latency to
enter nest boxes treated with black rat (Rattus rattus (Linaeus,
1758)) urine, but these boxes also housed 10- to 15-day-old young
(Stanbury and Briskie 2015). However, no work has examined star-
ling response to predator scent relative to nest-site selection and
subsequent reproductive effort.
We hypothesized that indirect predator sign in a nest box
would enhance perceived risk to adult starlings, thus effecting
reduced use of treated sites (i.e., exposure of adults to predation
mortality) and reduced reproduction. We predicted the following:
(i) if availability of natural cavities was not limiting (see below),
starlings and other cavity-nesting birds would avoid nest boxes
pretreated with predator scent (i.e., show plasticity; e.g., Martin
and Briskie 2009; Mönkkönen et al. 2009; Zanette et al. 2011; Hua
et al. 2013) but readily nest in boxes with a novel odour treatment
or control (water treatment); (ii) alternatively, starlings might
limit antipredator behaviour if additional evidence of the preda-
tor (e.g., visual sign) was absent (Mönkkönen et al. 2009); and
(iii) if natural cavities were limited, starlings would use boxes
treated with predator scent, but nest initiation would be delayed;
clutch size would be smaller than for novel odour treated boxes
(suggesting more time given to perceived need for nest defense
(Lima 1987) or to allow for increased investment in renesting (see
Martin and Li (1992) and citations therein; Martin 1995; Eggers
et al. 2006; Fontaine and Martin 2006; Hua et al. 2014; LaManna
and Martin 2016; but see Mönkkönen et al. 2009).
Materials and methods
We conducted our study on the 2200 ha National Aeronautics
and Space Administration Plum Brook Station (PBS), Erie County,
Blackwell et al. 981
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Ohio, USA (41°22=N, 82°41= W), during spring–summer 2017 (for a
detailed description of PBS, see Bowles and Arrighi 2004). In prior
studies completed at PBS, nest boxes were attached to 50 to
100 utility poles (Seamans et al. 2015). We attached 120 wooden
nest boxes (28 × 13 × 17 cm; 5.1 cm diameter entrance) to utility
poles 2.5 to 3.0 m above the ground and with an aluminum pred-
ator guard below the box; each box was approximately 60 m from
the nearest box (Fig. 1). As in previous studies on PBS (Seamans
et al. 2015), these nest boxes were designed to include a removable
roof for efficient nest checks (Fig. 1); the roof fit within a groove
and was held in place by a removable nail. Given pole availability
and location, not all boxes faced the same direction; however,
previous research (Seamans et al. 2015) has not reported effects of
cavity entry direction on starling use of boxes. Further, treatment
assignments to boxes controlled for this potential bias.
Approximately 50 boxes were in place for six years prior to this
experiment, with each box entrance closed for the previous two
years. The older nest boxes were cleaned, repaired, or replaced as
necessary and 70 new boxes were positioned by the end of Febru-
ary 2017. We did not attempt to balance the number of new and
old boxes. A balanced design by box age would have required
relocating older boxes that were in good repair, thus potentially
damaging boxes and introducing possible added variability due to
winter monitoring of candidate nest sites by starlings. Specifi-
cally, nest site “age” relative to starling selection of potential nest
sites during the winter preceding a breeding season (Kessel 1957)
can effect box use. This effect was not found in previous studies
(Seamans et al. 2015), but we included box age in our analyses (see
below).
Experimental design
A single nest box was selected at random and assigned as a
predator-scent treatment. We then randomly selected the travel
direction (right or left) from that box, and the subsequent two
next boxes were assigned as control and novel odour. We main-
tained a systematic assignment of treatments in this order to
triplets of boxes (e.g., Mönkkönen et al. 2009). Treatments were
placed in each box and all boxes were opened in early March 2017,
thus allowing exposure to treatment upon investigation of the
site and prior to a reproductive commitment by the birds.
Our treatments included (i) a commercial, male raccoon (Procyon
lotor (Linnaeus, 1758)) urine- and glandular-based product as the
predator scent (WCS™ Raccoon Eviction Fluid, Wildlife Control
Supplies, East Granby, Connecticut, USA); (ii) a novel odour (Febreze
Extra Strength Fabric Refresher, original scent, Procter and Gam-
ble, Cincinnati, Ohio, USA); and (iii) distilled water as the control.
We selected scent from the raccoon, a native North American
mesocarnivore and evolutionarily unique predator of the starling
(see, however, phylogeny of canoid families; MacClintock 1981),
for several reasons. First, the starling was introduced to North
America in the late 19th century and is a successful species well
adapted to anthropogenic resources (Feare 1984). The raccoon is
also adapted to anthropogenic resources (Vantassel et al. 2013)
and will prey upon accessible cavity nests (Hamilton 1936; Dolbeer
et al. 1988; Christman and Dhondt 1997; Begg 2009). We assumed
that starlings nesting during our study had some experience with
raccoons (T.W. Seamans, personal observation; Dolbeer et al.
1988). Further, the combination of odour cues and experience
with a predator can serve to elicit antipredator behaviours (Kats
and Dill 1998), and there is evidence of non-native prey selectively
Fig. 1. Example of (a) nest box placement and (b) construction and
treatment placement used in a study of European Starling (Sturnus
vulgaris) response to predator scent, novel odour, or water inside
boxes. A total of 120 nest boxes (28 × 13 × 17 cm; 5.1 cm diameter
entrance) were attached to utility poles 2.5 to 3.0 m above the
ground with an aluminum predator guard below the box; each box
was approximately 60 m from the nearest box. The study was
conducted during March through July 2017 on the U.S. National
Aeronautics and Space Administration’s Plum Brook facility in Erie
County, Ohio, USA. See text for further details on the study area,
experimental design, and treatments.
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responding to native predators (Naddafi et al. 2007; Castorani and
Hovel 2016), behaviours that can serve invasion success (Castorani
and Hovel 2016; Carthey and Blumstein 2018). Also, our predator-
scent treatment is a commercial product used to deter female
raccoons (pregnant or with young) from human structures (Vantassel
et al. 2013).
Each treatment (3 mL) was placed in an equal-volume con-
tainer (i.e., not spread or dispersed within the nest box), sealed
with a perforated, plastic cap, and secured within a bored,
wooden block placed inside and in the middle of the nest box
(Fig. 1). During weekly nest checks, we ensured that treatments
were still present in unused boxes and those for which nesting
material was present. We were also interested in the possibility of
a deterrent application, therefore we refilled treatments as neces-
sary (e.g., because of vials overturned or evaporation) to ensure an
equal-volume point source for each treatment. However, we re-
filled vials only to the point at which we detected the first egg (or
early clutch if first egg was not detected) of a starling or another
species. Because treatments in all boxes did not require refilling,
we assessed the likelihood that refilling treatments dissuaded
birds from nesting or were less likely to host starling nests (see
below).
We inspected each box once weekly and recorded the stage of
nest completion (i.e., whether a nest bowl was evident), ordinal
date for first egg, species, clutch size, and number of hatchlings
(number of eggs hatched). A nest bowl connotes that nesting ma-
terial has been manipulated into a circular form and shows evi-
dence of finer material at the centre (Feare 1984). Starlings
generally lay one egg per day, and young hatch asynchronously
(Feare 1984). To estimate date of first egg, we subtracted the total
number of eggs within a nest when first encountered from the
date of the observation. We followed nests through fledging, but
we could not accurately estimate fledging success given our in-
spection protocol. We noted, however, whether a nest appeared to
have suffered predation.
As noted above, availability of natural cavities plays a potential
role in starling use of nest boxes. Seamans et al. (2015) speculated
that cavity availability on PBS might not be limiting because of
the 2003 invasion of the Emerald Ash Borer (Agrilus planipennis
Fairmaire, 1888; Ohio Department of Natural Resources 2015), an
insect pest that causes tree death, and the presence of cavity-
excavating species that could take advantage of increased tree
mortality. In this study, however, we could not directly measure
cavity availability, but we assumed that if a majority of control
boxes were used by starlings, given the species’ competitive dom-
inance against indigenous cavity nesters (see above), such a sce-
nario would be indicative of increased competition for nesting
space. Alternatively, if control boxes went unused by starlings or
were used infrequently, we assumed that natural cavities were
likely abundant and available. We note, also, that starling popu-
lations in the lower Great Lakes region of the United States and in
Ohio are slightly declining (North American Breeding Bird Survey,
BBS; https://www.pwrc.usgs.gov/bbs/), but BBS relative abundance
indices indicate >300 birds per route in these regions.
Statistical analyses
We first evaluated whether boxes with treatments that were
refilled were more likely to be found without nests (i.e., no eggs
recorded) than boxes with treatments not refilled. We also as-
sessed the likelihood that boxes with vials refilled would be used
by starlings for nesting (≥1 egg recorded). For both questions, we
used a generalized linear model, a binomial distribution, and logit
link (PROC GENMOD, SAS 9.2, SAS Institute Inc., Cary, North Car-
olina, USA). Generalized linear models use the distribution of the
observations, the linear predictor(s), variance function, and a link
function (Ngo 2016). Next, we evaluated whether treatment af-
fected starling establishment of a clutch (≥l egg) and nest failure.
Again, for both questions, we used a generalized linear model, a
binomial distribution, and logit link (PROC GENMOD, SAS 9.2,
SAS Institute Inc.).
We then evaluated treatment, box age, and treatment × box age
interaction effects on date of first egg, clutch size, and maximum
number of hatchlings (i.e., the maximum number of hatchlings
detected, including dead and alive) via generalized linear model
analysis. Our model residuals were not normally distributed. In-
stead, we assumed a Poisson distribution and used a log link.
Our methods for this study were approved by the U.S. Depart-
ment of Agriculture, Animal and Plant Health Inspection Service,
Wildlife Services, National Wildlife Research Center Institutional
Animal Care and Use Committee under protocol 2744.
Results
During April and early May, we refilled vials in 16 boxes. Vials in
14 of these boxes were refilled only once, but we refilled vials in
one novel-odour box and one predator-scent box twice. Boxes
treated with the novel odour or water required more refilling
(vials containing the novel-odour treatment involved eight boxes:
overturned, seven instances; treatment evaporated, two instances;
water vials involved five boxes: overturned, four instances; evap-
orated, one instance; predator-scent vials involved three boxes:
overturned, three instances; evaporated, one instance). Starlings
laid clutches in nine of these boxes, and Tree Swallows (Tachycineta
bicolor (Viellot, 1808)) laid clutches in another four boxes; two
boxes were not used for nesting. We found no effect of refilling on
the likelihood that a box would not be used for nesting by any
species (likelihood ratio (LR): df = 1, 2 = 0.11, P = 0.7364), and there
was no effect of refilling on the likelihood that starlings would nest
in a box (≥1 egg detected; LR: df = 1, 2 = 0.33, P = 0.5647).
We observed a 90% rate of nest bowl completion (n = 108 boxes)
across species. Starlings completed nest bowls in 73 of the avail-
Table 1. Most frequently observed species nesting and associated statistics for nest boxes occupied (No. of nests: a nest bowl
was evident) during an experiment on the U.S. National Aeronautics and Space Administration’s Plum Brook facility in Erie




(with ≥1 egg) First egg, days Clutch size No. of hatchlings
European Starling (Sturnus vulgaris) Predator scent 27 (26) 23.8 (9.4) 4.9 (1.4) 3.3 (1.6)
Novel odour 24 (21) 19.7 (8.08) 4.4 (1.8) 3.4 (1.9)
Control 22 (21) 22.0 (10.3) 4.8 (1.5) 3.7 (1.5)
Tree Swallow (Tachycineta bicolor) Predator scenta 11 (11) 43.7 (5.6) 5.1 (1.9) 4.6 (1.3)
Novel odour 12 (12) 45.8 (6.0) 5.4 (1.1) 4.5 (1.9)
Control 9 (9) 41.6 (3.6) 4.4 (2.8) 3.7 (2.7)
Note: Data shown include number of eggs (number of nests begun, with the number of nests that produced ≥1 egg in parentheses), first egg
(mean (SD) days since the nest box was opened for appearance of first egg), and mean (SD) clutch size and number of hatchlings. See text for
details on experimental design.
aOne tree swallow nest followed the loss of a starling clutch to predation; however, the predator scent treatment was still present.
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able 120 boxes (61%) but laid clutches in only 68 nests (Table 1).
Tree Swallows nested in 32 boxes (Table 1), while Eastern Blue-
birds and House Wrens (Troglodytes aedon Vieillot, 1809) nested in
four boxes. Only 10 starling nests were lost to apparent predation,
likely by other cavity-nesting birds; we found one instance of
possible infanticide, likely due to loss of a mate and subsequent
remating (predator scent treated box nest losses, three instances;
novel odour, five instances; control, two instances). We observed
no treatment effect on the likelihood of a clutch (≥1 egg) in star-
ling nests (LR: df = 2, 2 = 0.55, P = 0.7589) or nest failure (LR:
df = 2, 2 = 2.21, P = 0.3309; Table 1). Further, we found no effect of
treatment, box age, or treatment × box age interaction on date
of first egg for starlings, clutch size, or number of hatchlings
(Table 2).
Discussion
Animals vary behavioural and life-history responses to the level
of perceived and realized risk (Lima and Dill 1990; Creel and
Christianson 2008; Martin and Briskie 2009; LaManna and Martin
2016; Minnie et al. 2016). In the context of a nest-box experiment,
we tested the hypothesis that predator scent in a nest box will
enhance perceived risk to adult starlings, thus affecting use of the
site, as well as reproduction. We found that predator scent (rac-
coon) had no effect on starling use of predator scent treated nest
boxes or reproduction. We note, also, that our maintenance of
treatment volume, via refilling vials where evaporation or over-
turning affected volumes (an action intended to simulate what
one would expect if a scent product was used in a nesting-
deterrent application), had no effect on nesting by any species or
by starlings. Previous work with starlings suggests that detection
of odour treatments was likely (sensu Clark and Mason 1987;
Mason et al. 1991; Stanbury and Briskie 2015). For instance,
Stanbury and Briskie (2015) evaluated starling antipredator behav-
ior in response to predator versus control scent at nest boxes that
housed 10- to 15-day-old young. The authors video-recorded each
nest over a 30 min period, immediately after placement of a rat
urine treated sachet or a water-treated, control sachet. Starlings
showed latency to enter nest boxes treated with rat urine.
The possibility exists, however, that scent from a native, North
American mesocarnivore has negligible effect on perceived risk in
the invasive starling. Still, starling populations in North America
have been exposed to raccoon predation for approximately
120 years (Feare 1984; see also Hamilton 1936; Dolbeer et al. 1988;
Christman and Dhondt 1997; Begg 2009), and there is evidence
that experience with predation will elicit antipredator behaviours
in naïve prey (Naddafi et al. 2007; Castorani and Hovel 2016). Be-
low, we summarize our findings relative to our predictions and
draw conclusions with regard to starling antipredator behaviour
in the context of nest-site selection and breeding relative to an
indirect predator cue.
Our finding that starlings occupied (i.e., a nest bowl was evi-
dent) only 61% of available nest boxes falls at the lower end of
previous studies (58%–97% occupancy; Tyson et al. 2011) and is
suggestive that either nest box availability was not a limiting
factor or natural cavities were not limited; however, that starlings
in North American prefer natural cavities (Planck 1967; Ingold
1998) favors the availability of natural cavities as the more reason-
able explanation.
Given cavity availability, we predicted that starlings would
show plasticity in site selection by avoiding sites with enhanced
perceived risk (Martin and Briskie 2009; Mönkkönen et al. 2009;
Zanette et al. 2011; Hua et al. 2013) effected by predator scent
treatments, but we also questioned whether predator scent alone,
particularly applied prior to laying or hatching, would be suffi-
cient to deter nesting. Specifically, the lack of a visual cue associ-
ated with the predator scent upon access to the box interior
(Mönkkönen et al. 2009) might have resulted in birds accepting
some level of perceived risk for the breeding opportunity.
Prey sensitivity to multiple indirect predator cues that impart
greater saliency can serve to stimulate different enhanced levels
of antipredator response (Griffin et al. 2001). For example, slimy
sculpins (Cottus cognatus Richardson, 1836) display antipredator
behaviours in response to chemical cues from sympatric, preda-
tory brook trout (Salvelinus fontinalis (Mitchell, 1814)), but when
sculpins can visually assess trout size, smaller trout stimulate no
threat-sensitive response (Chivers et al. 2001). Also, Brown et al.
(2013) argued that prey experience with predators can inform
adaptability in antipredator responses such as neophobia whereby
animals from high-risk environments might show stronger anti-
predator responses to novel predator scent (see, also, Chivers et al.
(2014) and LaManna and Martin (2016)). Similarly, the observed
avoidance by migratory Passeriformes of areas treated with pred-
ator urine (Forsman et al. 2013) is likely indicative of a learned
susceptibility to nest predation for these open-cup nesters. Open-
cup nesters are generally more vulnerable to nest predation than
cavity-nesting species (Martin and Li 1992; Martin 1995).
In our experiment, the fact that we found no evidence of
predator-scent effects on deposition of a clutch, timing of laying,
clutch size, or hatchling number (in contrast to Martin and Li
(1992), Martin (1995), Eggers et al. (2006), Fontaine and Martin
Table 2. Results of generalized linear model analysis, assuming a Poisson distribution, of
nest box treatment and age on phases of reproduction in European Starling (Sturnus
vulgaris) nesting on U.S. National Aeronautics and Space Administration’s Plum Brook
facility in Erie County, Ohio, USA, during March through July 2017.
Response variable Model df Independent variable df 2 P
Date of first egg 62 Treatment 2 2.03 0.3630
Age 1 3.58 0.0585
Treatment × age 2 0.30 0.8623
Dispersion = 0.6967 1
Clutch size 67 Treatment 2 0.86 0.6502
Age 1 0.00 0.9745
Treatment × age 2 0.64 0.7262
Dispersion = 0.8274 1
No. of hatchlings 63 Treatment 2 0.74 0.6911
Age 1 0.04 0.8433
Treatment × age 2 1.35 0.5103
Dispersion = 1.2960 1
Note: Model dispersion was estimated based on the Pearson chi-square (2) statistic divided by the
degrees of freedom (df). Model df varied per response variable because of failure to lay, thus yielding no
ordinal date of first egg and a score of zero for clutch size, as well as nests without hatchlings. See text
for experimental design and methods.
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(2006), and Hua et al. (2014)) underscores the likelihood that star-
lings perceived little enhancement of predation risk. We also sug-
gest that the potential lack of experience of starlings with direct
nest predation at nest boxes on PBS or indirectly through obser-
vations of other pairs (see Tobler and Smith (2004) and Aitken and
Martin (2008)) could have detracted from overall perceived risk
associated with predator scent treatments (sensu Lima and Dill
1990).
We conclude, therefore, that the effects of an indirect predator
cue in the form of scent inside nest boxes or near nest sites varies
by species, reproductive investment, and likely experience with
nest predation. Although raccoons will prey upon starlings in nest
cavities (Dolbeer et al. 1988), direct experience with a predation
attempt might serve to enhance perceived risk associated with a
predator scent cue (Godard et al. 2007). Future research to assess
starling response to enhanced nest predation risk should investi-
gate a combination of indirect predator cues and consider both
scent and predator hair (Mönkkönen et al. 2009) in experimental
designs. We caution, however, that designs incorporating preda-
tor hair as a visual cue must also consider that pelage samples
might introduce odour cues that could confound results.
Acknowledgements
We thank T.L. DeVault and M. Stapanian for their comments on
an earlier version of this manuscript. Support for B.F.B., T.W.S.,
M.B.P., and B.N.B was provided by the U.S. Department of Agricul-
ture, Animal and Plant Health Inspection Service, Wildlife Ser-
vices, National Wildlife Research Center.
References
Aitken, K.E., and Martin, K. 2008. Resource selection plasticity and community
responses to experimental reduction of a critical resource. Ecology, 89: 971–
980. doi:10.1890/07-0711.1. PMID:18481522.
Amo, L., Galván, I., Tomás, G., and Sanz, J.J. 2008. Predator odour recognition
and avoidance in a songbird. Funct. Ecol. 22: 289–293. doi:10.1111/j.1365-2435.
2007.01361.x.
Amo, L., Visser, M.E., and van Oers, K. 2011. Smelling out predators is innate in
birds. Ardea, 99: 177–184. doi:10.5253/078.099.0207.
Amo, L., Tomás, G., and López-García, A. 2017. Role of chemical and visual cues
of mammalian predators in nest defense in birds. Behav. Ecol. Sociobiol. 71:
49. doi:10.1007/s00265-017-2281-9.
Apfelbach, R., Blanchard, C.D., Blanchard, R.J., Hayes, R.A., and McGregor, I.S.
2005. The effects of predator odors in mammalian prey species: a review of
field and laboratory studies. Neurosci. Biobehav. Rev. 29: 1123–1144. doi:10.
1016/j.neubiorev.2005.05.005. PMID:16085312.
Barnett, C. 1982. The chemosensory responses of young cichlid fish to parents
and predators. Anim. Behav. 30: 35–42. doi:10.1016/S0003-3472(82)80234-0.
Begg, B. 2009. Northern raccoon predation on European starling nestlings in
British Columbia. Wildl. Afield, 6: 1.
Bowles, M.D., and Arrighi, R.S. 2004. NASA’s Nuclear Frontier: The Plum Brook
Reactor Facility. Monographs in Aerospace History, Vol. 33. NASA History
Division, Office of External Relations NASA Headquarters, Washington, D.C.,
USA.
Bradley, J.E., and Marzluff, J.M. 2003. Rodents as nest predators: influences on
predatory behavior and consequences to nesting birds. Auk, 120: 1180–1187.
doi:10.1642/0004-8038(2003)120[1180:RANPIO]2.0.CO;2.
Bridgman, C.J. 1962. Bird nesting in aircraft. Br. Birds, 55: 461–470.
Brouwer, L., and Komdeur, J. 2004. Green nesting material has a function in
mate attraction in the European starling. Anim. Behav. 67: 539–548.
Brown, G.E., Ferrari, M.C.O., Elvidge, C.K, Ramnarine, I., and Chivers, D.P. 2013.
Phenotypically plastic neophobia: a response to variable predation risk. Proc.
R. Soc. B Biol. Sci. 280: 20122712. doi:10.1098/rspb.2012.2712.
Brush, T. 1983. Cavity use by secondary cavity-nesting birds and response to
manipulations. Condor, 85: 461–466. doi:10.2307/1367987.
Cabe, P.R. 1993. European Starling (Sturnus vulgaris). In The birds of North Amer-
ica Online. Edited by A. Poole. The Cornell Lab of Ornithology, Ithaca, New
York. Available from http://bna.birds.cornell.edu/bna/species/048.
Caro, T. 2005. Antipredator defenses in birds and mammals. The University of
Chicago Press, Chicago, Illinois.
Carthey, A.J.R., and Blumstein, D.T. 2018. Predicting predator recognition in a
changing world. Trends Ecol. Evol. 33(2): 106–115. doi:10.1016/j.tree.2017.10.
009. PMID:29132776.
Castorani, M.C.N., and Hovel, K.A. 2016. Native predator chemical cues induce
anti-predation behaviors in an invasive marine bivalve. Biol. Invasions, 18:
169–181. doi:10.1007/s10530-015-1000-6.
Chivers, D.P., Mirza, R.S., Bryer, P.J., and Kiesecke, J.M. 2001. Threat-sensitive
predator avoidance by slimy sculpins: understanding the importance of vi-
sual versus chemical information. Can. J. Zool. 79(5): 867–873. doi:10.1139/z01-
049.
Chivers, D.P., McCormick, M.I., Mitchell, M.D., Ramasamy, R.A., and
Ferrari, M.C.O. 2014. Background level of risk determines how prey catego-
rize predators and non-predators. Proc. R. Soc. B Biol. Sci. 281: 20140355.
doi:10.1098/rspb.2014.0355.
Christman, B.J., and Dhondt, A.A. 1997. Nest predation in Black-capped Chicka-
dees: how safe are cavity nests? Auk, 114: 769–773. doi:10.2307/4089299.
Clark, L., and Mason, J.R. 1987. Olfactory discrimination of plant volatiles by the
European starling. Anim. Behav. 35: 227–235. doi:10.1016/S0003-3472(87)80228-2.
Clark, L., and Smeraski, C.A. 1990. Seasonal shifts in odor acuity by starlings.
J. Exp. Zool. 255: 22–29. doi:10.1002/jez.1402550105. PMID:2391467.
Creel, S., and Christianson, D. 2008. Relationships between direct predation and
risk effects. Trends Ecol. Evol. 23: 194–201. doi:10.1016/j.tree.2007.12.004.
PMID:18308423.
Curio, E. 1988. Cultural transmission of enemy recognition by birds. In Social
learning: psychological and biological perspectives. Edited by T.R. Zentall and
B.G. Galef, Jr. Lawrence Erlbaum Associates, Inc., Hillsdale, New Jersey.
pp. 75–97.
De Groof, G., Gwinner, H., Steiger, S., Kempenaers, B., Van, der, and Linden, A.
2010. Neural correlates of behavioural olfactory sensitivity changes season-
ally in European starlings. PLoS ONE, 5: e14337. doi:10.1371/journal.pone.
0014337. PMID:21179464.
Dolbeer, R.A., Link, M.A., and Woronecki, P.P. 1988. Naphthalene shows no
repellency for starlings. Wildl. Soc. Bull. 16: 62–64.
Dolbeer, R.A., Wright, S.E., Weller, J., Anderson, A.L., and Begier, M.J. 2016.
Wildlife strikes to civil aircraft in the United States 1990–2015. U.S. Depart-
ment of Transportation, Federal Aviation Administration, Office of Airport
Safety and Standards, Serial Report 22, Washington, D.C.
Eggers, S., Griesser, M., Nystrand, M., and Ekman, J. 2006. Predation risk induces
changes in nest-site selection and clutch size in the Siberian jay. Proc. R. Soc.
B Biol. Sci. 273: 701–706. doi:10.1098/rspb.2005.3373.
Eichholz, M.W., Dassow, J.A., Stafford, J.D., and Weatherhead, P.J. 2012. Experi-
mental evidence that nesting ducks use mammalian urine to assess predator
abundance. Auk, 129: 638–644. doi:10.1525/auk.2012.12040.
Ekner, A., and Tryjanowski, P. 2008. Do small hole nesting passerines detect cues
left by a predator? A test on winter roosting sites. Acta Ornithol. 43: 107–111.
doi:10.3161/000164508X345392.
Fauth, P.T., Krementz, D.G., and Hines, J.E. 1991. Ectoparasitism and the role of
green nesting material in the European starling. Oecologia, 88: 22–29. doi:
10.1007/BF00328399. PMID:28312727.
Feare, C. 1984. The starling. Oxford University Press, New York.
Fontaine, J.J., and Martin, T.E. 2006. Parent birds assess nest predation risk and
adjust their reproductive strategies. Ecol. Lett. 9: 428–434. doi:10.1111/j.1461-
0248.2006.00892.x. PMID:16623728.
Forsman, J.T., Mönkkönen, M., Korpimäki, E., and Thomson, R.L. 2013. Mamma-
lian nest predator feces as a cue in avian habitat selection decisions. Behav.
Ecol. 24: 262–266. doi:10.1093/beheco/ars162.
Garvey, P.M., Glen, A.S., and Pech, R.P. 2016. Dominant predator odour triggers
caution and eavesdropping behaviour in a mammalian mesopredator.
Behav. Ecol. Sociobiol. 70: 481–492. doi:10.1007/s00265-016-2063-9.
Godard, R.D., Bowers, B.B., and Wilson, C.M. 2007. Eastern bluebirds Sialia sialis
do not avoid nest boxes with chemical cues from two common nest preda-
tors. J. Avian Biol. 38: 128–131. doi:10.1111/j.2007.0908-8857.03788.x.
Griffin, A.S., Evans, C.S., and Blumstein, D.T. 2001. Learning specificity in ac-
quired predator recognition. Anim. Behav. 62: 577–589. doi:10.1006/anbe.2001.
1781.
Hamilton, W.J., Jr. 1936. The food and breeding habits of the raccoon. Ohio J. Sci.
36: 131–140.
Hegab, I.M., Kong, S., Yang, S., Mohamaden, W.L., and Wei, W. 2015. The etho-
logical relevance of predator odors to induce changes in prey species. Acta
Ethol. 18: 1–9. doi:10.1007/s10211-014-0187-3.
Hua, F., Fletcher, R.J., Jr., Sieving, K.E., and Dorazio, R.M. 2013. Too risky to settle:
avian community structure changes in response to perceived predation risk
on adults and offspring. Proc. R. Soc. B Biol. Sci. 280: 20130762. doi:10.1098/
rspb.2013.0762.
Hua, F., Sieving, K.E., Fletcher, R.J., Jr., and Wright, C.A. 2014. Increased percep-
tion of predation risk to adults and offspring alters avian reproductive strat-
egy and performance. Behav. Ecol. 25: 509–519. doi:10.1093/beheco/aru017.
Ingold, D. 1994. Influence of nest-site competition between European Starlings
and woodpeckers. Wilson Bull. 106: 227–241.
Ingold, D. 1998. The influence of starlings on flicker reproduction when both
naturally excavated cavities and artificial nest boxes are available. Wilson
Bull. 110: 218–225.
Jackson, J.A. 2000. Rapid nest-site selection and initiation of nests on commer-
cial aircraft by European starlings. Migrant, 71: 97–99.
Johnson, L.S., Murphy, S.M., and Parrish, G.W. 2011. Lack of predator-odor detec-
tion and avoidance by a songbird, the house wren. J. Field Ornithol. 82:
150–157. doi:10.1111/j.1557-9263.2011.00317.x.
Kalmbach, E.R., and Gabrielson, I.N. 1921. Economic value of the European star-
ling in the United States. Bull. U.S. Department of Agriculture, 1921, No. 868.
pp. 1–67.
Blackwell et al. 985
Published by NRC Research Press
Kats, L.B., and Dill, L.M. 1998. The scent of death: chemosensory assessment of
predation risk by prey animals. Ecoscience, 5: 361–394. doi:10.1080/11956860.
1998.11682468.
Kerpez, T.A., and Smith, N.S. 1990. Competition between European Starlings and
native woodpeckers for nest cavities in saguaros. Auk, 107: 367–375. doi:10.
2307/4087621.
Kessel, B. 1957. A study of the breeding biology of the European Starling (Sturnus
vulgaris L.) in North America. Am. Midl. Nat. 58: 257–331. doi:10.2307/2422615.
Knapp, R.A. 1993. The influence of egg survivorship on the subsequent nest
fidelity of female bicolour damselfish, Stegastes partitus. Anim. Behav. 46:
111–121. doi:10.1006/anbe.1993.1166.
Koenig, W.D. 2003. European starlings and their effect on native cavity-nesting
birds. Conserv. Biol. 17: 1134–1140. doi:10.1046/j.1523-1739.2003.02262.x.
LaManna, J.A., and Martin, T.E. 2016. Costs of fear: behavioural and life-history
responses to risk and their demographic consequences vary across species.
Ecol. Lett. 19: 403–413. doi:10.1111/ele.12573. PMID:26900087.
Lehtonen, T.K., Lindström, K., and Wong, B.B.M. 2013. Effect of egg predator on
nest choice and nest construction in sand gobies. Anim. Behav. 86: 867–871.
doi:10.1016/j.anbehav.2013.08.005.
Lima, S.L. 1987. Clutch size in birds: a predation perspective. Ecology, 68: 1062–
1070. doi:10.2307/1938378.
Lima, S.L. 1998. Nonlethal effects in the ecology of predator–prey interactions.
BioScience, 48: 25–34. doi:10.2307/1313225.
Lima, S.L. 2009. Predators and the breeding bird: behavioral and reproductive
flexibility under the risk of predation. Biol. Rev. Camb. Philos. Soc. 84: 485–
513. doi:10.1111/j.1469-185X.2009.00085.x. PMID:19659887.
Lima, S.L., and Bednekoff, P.A. 1999. Temporal variation in danger drives anti-
predator behavior: the predation risk allocation hypothesis. Am. Nat. 153:
649–659. doi:10.1086/303202.
Lima, S.L., and Dill, L.M. 1990. Behavioral decisions made under the risk of
predation: a review and prospectus. Can. J. Zool. 68(4): 619–640. doi:10.1139/
z90-092.
Lloyd, R., Alford, R.A., and Schwarzkopf, L. 2009. Chemical discrimination
among predators by lizards: responses of three skink species to the odours of
high- and low-threat varanid predators. Austral Ecol. 34: 50–54. doi:10.1111/j.
1442-9993.2008.01881.x.
MacClintock, D. 1981. A natural history of raccoons. Charles Scribner’s Sons,
New York.
Magnhagen, C. 1991. Predation risk as a cost of reproduction. Trends Ecol. Evol.
6: 183–186. doi:10.1016/0169-5347(91)90210-O. PMID:21232452.
Magnusson, W.E., and Hero, J.-M. 1991. Predation and the evolution of complex
oviposition behaviour in Amazon rainforest frogs. Oecologia, 86: 310–318.
doi:10.1007/BF00317595. PMID:28312915.
Martin, T.E. 1988. Habitat and area effects on forest bird assemblages: is nest
predation an influence? Ecology, 69: 74–84. doi:10.2307/1943162.
Martin, T.E. 1993. Nest predation and nest sites: new perspectives on old pat-
terns. BioScience, 43: 523–532. doi:10.2307/1311947.
Martin, T.E. 1995. Avian life history evolution in relation to nest sites, nest
predation, and food. Ecol. Monogr. 65: 101–127. doi:10.2307/2937160.
Martin, T.E., and Briskie, J.V. 2009. Predation on dependent offspring. A review
of the consequences for mean expression and phenotypic plasticity in avian
life history traits. The Year in Evolutionary Biology 2009. Ann. N.Y. Acad. Sci.
1168: 201–217. doi:10.1111/j.1749-6632.2009.04577.x. PMID:19566709.
Martin, T.E., and Li, P. 1992. Life history traits of open- vs. cavity-nesting birds.
Ecology, 73: 579–592. doi:10.2307/1940764.
Mason, J.R., Clark, L., and Shah, P.S. 1991. Ortho-aminoacetophenone repellency
to birds: similarities to methyl anthranilate. J. Wild. Manage. 55: 334–340.
doi:10.2307/3809160.
Minnie, L., Gaylard, A., and Kerley, G.I.H. 2016. Compensatory life-history re-
sponses of a mesopredator may undermine carnivore management efforts.
J. Appl. Ecol. 53: 379–387. doi:10.1111/1365-2664.12581.
Mönkkönen, M., Forsman, J.T., Kananoja, T., and Ylönen, H. 2009. Indirect cues
of nest predation risk and avian reproductive decisions. Biol. Lett. 5: 176–178.
doi:10.1098/rsbl.2008.0631. PMID:19126533.
Naddafi, R., Eklöv, P., and Pettersson, K. 2007. Non-lethal predator effects on the
feeding rate and prey selection of the exotic zebra mussel Dreissena polymorpha.
Oikos, 116: 1289–1298. doi:10.1111/j.0030-1299.2007.15695.x.
Ngo, T.H.D. 2016. Generalized linear models for non-normal data. Paper 8380-
2016. SAS Institute, Inc., Cary, N.C.
Ohio Department of Natural Resources. 2015. Insects and diseases. Available
from http://forestry.ohiodnr.gov/pests.
Parsons, M.H., and Blumstein, D.T. 2010. Familiarity breeds contempt: kanga-
roos persistently avoid areas with experimentally deployed dingo scents.
PLoS ONE, 5: e10403. doi:10.1371/journal.pone.0010403. PMID:20463952.
Paul, S.C., Pell, J.K., and Blount, J.D. 2015. Reproduction in risky environments:
the role of invasive egg predators in ladybird laying strategies. PLoS ONE, 10:
e0139404. doi:10.1371/journal.pone.0139404. PMID:26488753.
Petranka, J.W., and Fakhoury, K. 1991. Evidence of a chemically-mediated avoid-
ance response of ovipositing insects to blue-gills and green frog tadpoles.
Copeia, 1991(1): 234–239. doi:10.2307/1446271.
Planck, R.J. 1967. Nest site selection and nesting of the European starling (Sturnus
vulgaris) in California. Ph.D. thesis, Department of Zoology, University of
California, Davis, Calif.
Ramp, D., Russell, B.G., and Croft, D. 2005. Predator scent induces differing
responses in two sympatric macropodids. Aust. J. Zool. 53: 73–78. doi:10.1071/
ZO04053.
Refsnider, J.M., Reedy, A.M., Warner, D.A., and Janzen, F.J. 2015. Do trade-offs
between predation pressures on females versus nests drive nest-site choice in
painted turtles? Biol. J. Linn. Soc. 116: 847–855. doi:10.1111/bij.12671.
Ricklefs, R.E. 1969. An analysis of nesting mortality in birds. Smithson. Contrib.
Zool. No. 9. pp. 1–48. doi:10.5479/si.00810282.9.
Ricklefs, R.E. 1977. Reactions of some Panamanian birds to human intrusion at
the nest. Condor, 79: 376–370. doi:10.2307/1368016.
Roper, T.J. 1999. Olfaction in birds. In Advances in the study of behavior. Vol. 28.
Edited by P.J.B. Slater, J.S. Rosenblat, C.T. Snowden, and T.J. Roper. Academic
Press, San Diego, Calif. pp. 247–331.
Roth, T.C., II, Cox, J.G., and Lima, S.L. 2008. Can foraging birds assess predation
risk by scent? Anim. Behav. 76: 2021–2027. doi:10.1016/j.anbehav.2008.08.022.
Seamans, T.W., Blackwell, B.F., and Tyson, L.A. 2015. Low occupancy rates of
artificial nest cavities by European starlings. Ohio J. Sci. 115: 53–55. doi:10.
18061/ojs.v115i2.4943.
Sih, A., Crowley, P., McPeek, M., Petranka, J., and Strohmeier, K. 1985. Predation,
competition, and prey communities: a review of field experiments. Annu.
Rev. Ecol. Syst. 16: 269–311. doi:10.1146/annurev.es.16.110185.001413.
Slagsvold, T. 1982. Clutch size variation in passerine birds: the nest predation
hypothesis. Oecologia, 54: 159–169. doi:10.1007/BF00378388. PMID:28311424.
Stanbury, M., and Briskie, J.V. 2015. I smell a rat: Can New Zealand birds recog-
nize the odor of an invasive mammalian predator? Curr. Zool. 61: 34–41.
doi:10.1093/czoolo/61.1.34.
Strassmann, J.E., Queller, D.C., and Hughes, C.R. 1988. Predation and the evolu-
tion of sociality in the paper wasp Polistes bellicosus. Ecology, 69: 1497–1505.
doi:10.2307/1941647.
Tobler, M., and Smith, H.G. 2004. Specific floater home ranges and prospective
behaviour in the European starling, Sturnus vulgaris. Naturwissenschaften,
91: 85–89. doi:10.1007/s00114-003-0486-4. PMID:14991146.
Tyson, L.A., Blackwell, B.F., and Seamans, T.W. 2011. Artificial nest cavity used
successfully by native species and avoided by European starlings. Wilson J.
Ornithol. 123: 827–830. doi:10.1676/11-003.1.
Vantassel, S.M., Hygnstrom, S.E., and Hiller, T.L. 2013. Efficacy of two raccoon
eviction fluids. Proc. Wildl. Damage Manage. Conf. 15: 108–102.
Zanette, L.Y., White, A.F., Allen, M.C., and Clinchy, M. 2011. Perceived predation
risk reduces the number of offspring songbirds produce per year. Science,
334: 1398–1401. doi:10.1126/science.1210908. PMID:22158817.
986 Can. J. Zool. Vol. 96, 2018
Published by NRC Research Press
